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{g!.r.EAg.E
Roclc urechanics &ta collected so far for the trt?rite River Shale

Project is presented in this report.

Prelinrinery designs for the rocm and pi11ar dinensicns of the

projected mine based cm available data indicate that an cnrerall

recoverT rate of 7fl is achie'rable. It is strcrun that tJ:e rate of

recc^/ery can be fi-rther inproved by dividing the area to be mined

into tr,rc or rnore regicms ard euploying differslt rocm and pillar

dirsrsions in eaCr regicn.

Additicral rocl< nechenics rnork ccnrsidered necessarT for refinirg

the desigas and gaining greater confidence in thsn is outLjned.
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1. TNIRODLTTIOI{

Ib.e l.lhite River 9rale Project is sched.rled to urine and recort oiI

shale frcrr Ua end ttb, tr..op federal leased tracts in Uintah Ccn-nty,

Utah. As urining ccnrsultant of this project, the hrestern Divisicn of

The CLevelend-Cliffs Ircnr Ccn-pany (CCIC) is at Present engaged in

preparing a ccnprehsrsive mining P1aI. CCIC gives dr:e recogniticrt

to the fact tlrat ccnsiderable lcnrg temr benefits can be accn:ed by

designing a mine on the baSis of sor.rrd roclc urectranics principles. As

flrch, coLlecticnr of rock r.ectranics data has been an iirportant asPect

of the oploratoqf drilling progra:'r and ccn:tinues to be so in subsesuent

phases of the project.

A total of twanty ocploratory dril1 holes have besr drilLed within

atd around Ua and Lb by various organizaticns o'ver t.Ile past forr years.

Core r"as reccnrered frcm varior:s intenrals of interest in each hole. Tlre

tbi:irtesr holes of the drilling progran ccnrdr:cted in late L974 eu',d early

1975 H'ere logged dr.ring drilling and selected porticnrs of the core were

sstt to the Brseau of l{ines in Dtsnrer for varior:s tests. Vario:s geo-

physical logs r*ere nn in the holes of r'drich the 3-D velocity 1og and

de6ity log were specifically perforaeti for deriving certain uechanical

p:operties of the roclcs. Data collected so far range frcn, logs of

obsewabl-e structuraL featr.res li]ie joints, Partirtgs' vl:igs, etc', elastic

and ocher Fcperty Logs derived frcrn geophysical logs, md results of

labcratory tests cn cores for various r:ecl:anical properties.

Ihis report presats the rock necb:arics data collected to date for

the Lhite River shale koject togetJrer r^'i-th the prellni:r.ery rocr:r-end-

piIlar Cesign, predicted e<tracEion ratio, st?port reqr:ireent forecasE,
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etc. for the proposed mine based on this data'

Frrther data collecticnr, ccmsidered necessary tO gain precise lcrcnp-

ledge about the stnrctr.ral featr-nres and the virgin stressfield tn tfre area

ccnrcsm,ed, is specified.

Additional aralytical r,ork reqgired for refining tJre designs srd for

gaining greater ccnfidsrce ln tho is outlined'

2. P.E.EVA\T 6OLGt

Geological info:rraticn: abotrt the deposit to be mjned srd tire s:r-

ro-urd.ing gro.nrd is a basic. requirmmt for any nrining project. As such,

inforcnatioir regarding the oi1 shale deposits in Ua end Lb gathered by

axploratorT drilling srd other IIEans has been preserted in a separate

geologic report. The geological secticn of this report is resEicted

to geological infonraticn about oi1 shale deposits in general ad those

in ua srd tlb in partictrlar that is of special lnterest to one cesigning

an oil, shale rnine.

The oil shale deposits of irmediate eccncm:ic Pot6tial occr'l=ing in

nortLnrastern Colorado ard northeastern Utah belcng to the sane lithologic

r,rrit called fle Parachrte Cbeek rnsr"ber of t'he Green River forraticnr

(Eoce,e). This latter fo:raticvn ccnsists of lacustrjne sedirgrts of

sendstcrnes, shales errd narlstcrnes deposited in separate basins ir the

tr,D areas, r.anely Picearce cteek basin jn colorado and ujnteh basin

in Utatr. Th,e G'teen River fon"ration occrrs in the tr"Tasbakie and C-lrem

River basjns in lryorring as rnell. the richest ar:d ttrickest sequence of

oi1 shale beds in both the Piceen'ce Cteek' basin and Ui'n'tah bas:a occ.'s

2.t La'njr.aticnrs nd Cont:fqql of Eeds'
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at scrrc lnterl:ediate horizcnr in the Paracln"rte C?eek Eleu'bet and I's

ca11ed the lbhogany zone. A.yet tnspecified heigfrt in the l'lahogarry

?fine'in the ta.o tracts Ua and tlb is Projected to be nrined by the l'lhite

River Shale Project.

The tr^o cl..aracteristic feah.Ees of oi1 shale deposits of partio:1ar

lnterest to the rnine designer are: 1) higlr-ly laninated natrr'e of the

rock asxd 2) ccntinuity of beds. Visr:ally, oil shale vtdch Ls a tlpe of

marlstcnre ccntaining sr oi1 yielding organic sr:bstance called kerogen,

displays a rsnarkably high degree of lerninatlcnr. Por"'ever, rnlike in sone

netenoryhic rocks sr:ch as schist, slate, etc. the lacinations are not

due to ary preferzed orieitaticrn of scrne flaLy mineral but dr:e to vari-

aticns in prwalant ccrnditicnrs drring differsrt cycles of depositicn.

Srrch variaticns have iuparted Ciffersrt characteristics in terns of

color, physical properties, orgartic natter cc,ntent' etc. to the vario:s

1ayers of depositicn. The irTplicaticrn of this is that er<trapolaticnr of

rock properties regr-rireC for mine design frcn cme bedding horizon to

ar:other is not adrrisable md cnre has to be very careful lilriLe atts-Ptj4g

to do so. On the positive side, since the laninations are not dr:e to

the preferzed orisrtaticn of fialry nrinerals, the physical bcnrd betrveen the

la:rjnae is etpected to be strcn:rger than is usually the case with schistose

or slaty ro&,s rllless specifically r.'eakened by a physical discontirtuity

srrch as a parting p1ane.

The other ctreracteristic of oiL shale deposits, that is lateral

cc,iltjnuity of beds, is as rma:rkable as the lanjnaticns. Distj::ctive oil

shal-e beds cen be idsrtified oru'er very long distances and this is pertic-

ularly the case with several thin tuff be& r"trich occur in the Paracha-rce

Cteek usrber of the Gtesr River forrraticn. One srrch tuff bed anreraging
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Do trDre thsn 0.5 feet in thictstess ocqrrs in the l&hogany zrlne of bottl

the Uintah and Piceance Creek basins and is called the lhhogary narler.

Ihe l&hogany narker has besr o<tensively used in literature as a

reference daturn and rrill ccntinue to be so used in the futrse. the

Ilahogarry marker will be used as a reference rnarker in this report witJr

tJre positive sign indicating above the narker and the negative sign

indicating belcm it. Ihe adsantage of having ccntirnrous beds of rock

ls that lateral ertrapolaticn of rock properties in a partictrlar horizcnr

is allor,zble and informaticn frcxn a limited nr:rnber of srritably positicned

locations can yield rePressltative values for any rock property for a

particular horizc,n over a.vride area.

2.2 Descri of Cores frctn lora Drill Holes for the

Descriptive Logs of cores th,roagh the urining zcne frcnr the u,oanty

exploratory holes are Pressrted in Figrre 2 vfiile Figrre 1 shows the

locaticn of the holes. For the fur1pose of this rePort the te:rr'hrining

zone" is taken as th.e intenral axtanding frcnr forty feet above the

Malogany nrarker to sjxty feet belov it. Altha:gh this desErcaticn is

sqxs*i€t erbitrary it is aL.ost certain that this zcne will contain

the mining height of the futr:re in tracts Ua and I'h.

In the 1ogs, parting pla'res are planes para11el to the bedding viTich

actually separate the rock core. A11 obsenrable pre-eristing fractrses

have been noted and their orisrtaticn has b'een Cescribed by the angLe

frccr the plane tranwerse to the core axis. Ibrlstcnre assaying cnrer 3

gallcnrs/tcri in oiL ccntent is ccnsidered oil shale. Leaner uqarlstctne

is Cescribe<i si4ly as nrarlstone. these logs rdlI be refe:red to later

ln tlis report.

One other notable point is that core recc&'ery in any of the tt'enqY
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I holes was ahore 907^ and averaged 98.W". This indicaEes tha.t t}e coned

intenral in eactr hole is conqr6s66 of f-airly eorFetent grorlrd. In Table

1, certain relerzant data for the twanty holes are pr:esented. Reference

io this table will be grade later in chis 1e-port.

3. I.ABORJITORY TESTS

selected lengths of cores frorn the thi'rteen TrDSr' recent holes'

narely P-l througtr P-4, X-l through X-6 and X-9 tiuough X-11 rsere sent

to the U. S. Brreau of }lines in Derrver, rnto ca:ried out a ntriber of

laboratorry tests cn thero as part of a joint indr-rstry-Br-reau cooperati\te

agre€r^1p1.rE program r-o test and assqnbLe basic rock nechanics data in

oi1 shale' The resrrlts of these tests are Preserrted in this sectirrn'

3.1 Tlrpes of Tests

The tesrs carzied out by the U. S. Br-reau of llines are lisred belo^r

with a brief deseripticrn of each test and its Purpose'

a) thconfined Ccrrpressive Test: In this test a cylirrdrical test-

piece of rock is held betwesl the parallel platens of a testing neehine

cnn its flat eslds end sr:bjected to a rDnotonica.lly increasing ccnrpressive

load parallel to rhe axi.s of the cylinder until f.aiLr-re occurs. Iongi -

A:dinal and lateral deforrrations of the test-piece are upasured as the

Lxd is increased. Ihe load at failwe is r:sed in calculating the urccn-

fined ca.pressive streng,th of the rock vfiile stress-slrain ctn'es derived

frcnn che measured load and defortati.ons yieLd the Yor:ng'5 1466ufu^s a.td

Poisscn'.s Ratio.

b) B:azi_lian-'Test: This test inrplves sr:bjecting a cylindrical

test-piece of rock to increasing ccnpressive load along one of its
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diernerral plmes as shrr^n in the adjoining

sketch lrrtil faih:re occr.Es by splitting alcnrg

the plane of loadirg. The load at failrre is

used in calo:latirg the nocir.r.ur tmsile stress

acting across the plane of failr.ae v'hictr is

ccrnsidered as a close, althmgft not exact,

estinate of tb.e tersile sfrargth of the rods.

c) Tbiaxial Test: In this test the cr-rr,zed sr:rface of a cylindrical

test-piece is covered by a thin uslbrao:e srd a ccrrpressirre load is

applied cm the flat srds r,hile the test-piece is ccmtained in a chanber

of hydrauLic ftuid, uaintained at a specified pressure. the srd load is

increased rntil faih.re occurs br.rt because of the ccnrfinenent offered by

the fluid pres$.Ee the load carqring capacity of the rock Ls increased.

The fria-xial ccrpressive strength of rock is tLr:s h^igi.er ttran the uncctn-

fined ccn-pressive strenrgth, the negniarde of the increase depmding ryon

the ccnfining pressrre.

d) CYeep Test: Iftrsr a test-piece of rock is sr:bjected to a load

it r:ndergoes an irritial a'ptrrt of instantaneous deformaticnr. lf the

applied load is uraintained ccnstant at the origir:al level after the

jnitial Cefo::n'aticn the test-piece rqi11 further deforn with tjcle et/e1

if the load is r:ot increased. This tine-depardeirt Cefornaticrn is also

called creep deforri:aticm, the rate of v*r:ich depends c'n the rock t1pe,

abient tsperature, the lere1 of the applied Load, etc. A lcrowledge

of the tirie-deperdant deforrraticn properties of the rock is necessa4'

for a reliabLe estjsate of the lcrng-te::r:r stability of any sfn:cttEe

in rocl'. srch as rnine pi11ar or a roof strata.

I

I

I
I

I

I
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In the creep tests carzied out by the U. S. Bureeu of llines a

cylindrical test-piece is subjected Eo a ccrnstant ulia:rial load,

usnally 5V/" ox 75% of the r,rrccnfined ccapressive strorgti, and the

defcrnuticn is rneas-red at regular intenrals over a period of trp to

30 days. A plot of the rneasr-red defo::rraticn against tine stro^rs ttre'

rate of creep defo:maticn.

e) Specific Gravity l'leasurernsrt: Specific gravity is determined

frcrn the rneasr.:red r*'eight and volrs:e of tJre test-piece. Ttris is apparent

specific gravitry; hcwarer, the nattrral porosity of oil shale is lcw and

the apparant specific gravity is ccnsidered to be close to the rnre

specific gravity. For oil shale, specific gravity has beer fould to be

a r:seful inCor of other prcperties such as oil contslt, corpressive

strength, etc.
<-=-- /1-"-

BesiCes the abwe tests canied out by the U. S. Bt:reau of l4ines in

Dsr',rer crn cores f:cm the P and X holes, results of tests ca:ried ott in

L972 ort cores fron the for-r S holes for Gulf l4ineraL Resources Co. are

also available. These latter tests perforr.reC by the Colorado Schcol

of }lines include the urccnrfined ccn'pressive test, the Brazilian Test and

the Direct Tensile Test. the results of these tests ha'se aLso been

ircluCed in this report. The Direct Tensile Test invoh'es pn:11ing apart

a cylirdrical test-piece of rock and treasr.:ring the load at faiLr-:re

r.hich er,ables cne to determine the macirnur:l tsrsiLe stress withstood,

by the rock and herce the tensile strength of the rock.

3.2 Results

In presanting t}re results of the abcnre tests an atteryt has been raie

to Cerive a total pictr:re for tle trro tracts. Data frcr:r all of the

ss'enteen holes has been ccnrsiCered and processed, hteret'er necessat-.

-7-
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A11 processing has besr oplained. Raw data is not Preserxted rainly

because of tnrlk. Ho\,Ev€I, copies of all such data have been transmitted

to tlie Engineering yanager, hrhite River Shale Project.

It will be fornd tn the foDo,ring secticns that lfisr considerirg

tle res;rrIts of a pa:ficular test a sna1l nurber of restrlts have been

rejected beceuse they did not fit the range displayed by the otlrer

restrlts. T?ris is an accepted practice in rock uechenics data yrocessing.

Rocks be!€ a natrJral substence tnevitably ccnrtaining inherent flaos, it

is ilpossible to obtain corpletely repro&rcible restrlts.

3,2.L Unccrrr-fined Con'pressive Test

Test-pieces traring langth:di^aceter ratios of 1:L, 2:L end 2.5:1

vnre used for these tests. It is uell lsrov,rr that the urccnrfined ccrrpressi'ae

sttengtb of rock'uaries rlith the 1etlgth to di"emeter ratio of the test-

pieces (the higher tle ratio tlre lcnnner the strength vah:e obtained). In

order to r.pinta:n r.rrifonrify all the strength vah:es obtained by the

tests have besr cornrerted io egtrival€rtt sfrslgt.| of 1:1 length:dianeter

ratio test-piece by the fo11o^dng standard equaticnr:

v*rere, Cp = Srragtll obtained frcm test

DIL = Di.areter to lergth ratio of test-piece

Co = Eguirralent stra:gth of 1:1 test-piece

Ihe reascn fg|l ctsosirg 1:1 ratio as standerd is that pillars in the futr:re

uijne r^'i11 have ap'proxinately t}at ratio in actr:ality.
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The rezuIts are presented in Table 2 dlich strows the rnean values

of the ccnpressive strength, Yo.urg's l4cdr:1us end Poisscnrts Ratio together

r,rith the standard deviatic'n as a Percentage of the rnean aT d the ntr.ber

of tests.

Segregaticnr of ttre results, according to locaticn with respect

to the I'bhogany llarker, uas ca:ried out by considering the range of

valtres obtained frcm differsrt holes. In doing so 5% of the data

frcra the 165 individrral tests had to be rejected becar.se they did

not fit the other results for that horizcnr. As shornn in Table 2

the standard deviaticnr for the ccrrpressive strorgths obCained by

this segregaticnr is quite gmd-.

The ccrrpressive strer:gth values frcrn Table 2 are plotted in Figue

3 as a histogran cnrer the mining zctre, that is, frcrn forty feet above

to sixty feet belcxnr the }bhogany }farl€r. Figr-re 3 strows tlrat the

ueakest regicn in the nining zcrne is frcm -12.8 to -19.3. Ihe

ccrrpressive strer:gth of this regicn is 10,298 PSr t ]3'gf/"' Ttre strangth

histogrem in Figure 3 can be usefirl in tLe futwe in designing blasting

Pattems.

In Figr-re 4 is strornn a hisLogranr of oi1 cctntent oser the xnining

?anne. The jnte:r,'al r:sed in this diagreu"r is cne foot and the oil conEeni

data vas obtained by averaging the Fischer Assay resuLts for each horizon

f':ccrn all R;enty holes. This is a sinple aritbrnetic average and is not

rr-eighteC by tlre Censity of the rock. Ccn'pariscn of Figr-nre 3 and Figrrre 4

indicates that the ccr.pressive strengths r,ratch very r"eIl rdth the oil

congents in accordance rdth the r"e11 lsrcr^ln fact that the higher the oil

ccrritent of oil shale tbe lo^'er is its streng-Jr.

Yo-z:g's i,bdu}:s r"ras derived frcrn the load-deformaticn:r (lcngitrldinal)

plot obtained frcm the rnconfined ccr.pressile tests. The r.rcCuLr:s reporced

is r}e secent rodrrlus at a load of 20,000 lbs. r'trich is eqp:ivalent to a

-9-
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- 1itt1e rmre than 5,000 PSI. The load-deforr."aticn plots rr€re esselttially

straight lines tn this range. The load-defornaticnr (lateral) plot vas

,rr"d fot deriving tJre Poisscnrrs Ratio. kanrinaticn of Table 2 vdll reveal

that the Yor.rrg's l4cd-r}:s and Poissonrs Patio val.:es folloo the general

rule that the higher the srrorgth of rocli the higher the Yor.n:g's lbdr:}:s
' and the lover the Poisscnrrs lLatio. However, the standard deviaticnrs

, for both these guantities are rather high.

3,2.2 Brazilian Test

The Brazili.gr tests cn cores frcnr t]re P and X holes vere catried otrt

using test-pieces of length to di^areter ratio of 2.5:1 rfii1e those on the

cores frcrr the S holes rere dcnre using test-pieces of length to dia:eter

ratio of approxirnately 0.67:L. This Cifference is not epected to

affect th.e results.

Ibe BraziLien test rezults are shor,n in Table 3. The intenrals

of Table 2 r:sed. in segregatjng the ccnpressi'ne test results are r:sed in

segregatirg tb.ese rezults as ue1l. Ih'elve out of ninety test results

r'ere rejected because they did not fit the range of data for that

intenal. The standard deviaticns are good. Results of the Brazilian

tests vdl1 be refe:red to later in the report.

3.2.3 Tfia-'iel Test

the tri€:'ial- tests Inere ca-ied out using test-pieces of length to

dj.aneter ratio of 2.5:1. Tbe results are presented in TabLe 4 after

segregatirg th.er accordir:g tc the inten'als in Table 2. Of tl,e 148 test

rezults 9.45"L had to be reJected becar:se tle r,ah:es did rot fit the

r€nge fcr tlat intenral. In crder to cuke a curpariscn the r-lrccnJined
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ccnpressive strengths are al-so shorrn in Table 4 after cc'nverting the

values given tn Table 2 to eqtrivalent strength of 2.52L length/diareter

test-pieces using the equaticm in sectic'n 3.2.L.

Table 4 shotm that tle ercslt of increase in strength due to the

cczrfining pressure varies, tle rna.xirn-ra increase being 547, fox 500 PSI

ccnfining Frressure a$ 94% for 1000 PSI ccnrfining pressre. the average

increases axe 2L% and 2{L for 500 PSI and 1000 PSI respectively. }!*cver,

there are scnp discrepea:cies in that the strength for 1000 PSI confinirg

pressure is louer that tlat for 500 PSI confining Pressure jn a f*r cases.

Also, in cne instance, th.e strrength for 500 PSI ccnfining Pres$lre is lor"'er

tiran the tg1ccnefined strength. Ttris can be eplained by the fact that the

triaxial test is verT sstsitive to irrherm,t flr**s in the test-piece. the

€rdstslce of a thin tar sean can drastically lov,'er the strangth and, }/ith

the limited r,r.rnber of tests ca:ried out, this affects the average va}e

significantly.

3.2.4 Specific Graviw lbastrenent

Ttre results of specific gravity reasi.rrs:Ents are shcmn in Table 2

alongsi4e the r-c-rcc'nfined copressive test rezults. Ihe standerd deviaticrns

for the specific gravity lleasurment are ericellent'

3.2.5 Direct ?ensile Test

Di-rect tmsile tests \,€re cerried out in 1973 cn cores frcm the folg

S holes. The vrcrk rcas dcne by the Colorado School of l6::es for G\rlf

llineral Resor:rces Co. This test is very ssrsitive to certain conditicn:s

r"tJch are e:itr@Ely diffictr.lt to ccntrol. The tmsile strangth vah:e

of rock obtained by di-rect ts:sile tests is not used for any Cesign

l'levertleless, the res;ults are Presented in Table 5 for the sal<e of reco:d'

-11-



3.2.6 CYeeo Test

Because of their tir,e ccnsr.udrg ratrse the zu1 range of creep tests

are rrot yet corplete. Ihe ltu'ited aror.rrt of resrrlts obtained f:cm the

Br.reau of Mines in Derver is presanted in Table 5.

If tJre tinra-deperdo,t Ceforr.raticn of rock is plotted against tine the

general shape of the cun,le will be as stror,n in Figr-re 5. this crrrrre can

be divided into three stages as shorvn in tle figure. Tr the prinarT stage

deforri:ation takes pl-ace at a higlr but diminishing rate. The rate of defor-

uration tler settles do,n to a ccnstant as the seccnrdary stage is reached.

Finally the rate accelerates as the tertiary stage is reached r-rrtil fai}-se

takes place. Ihe total arcuet of deformaticn in tJ:e prirnary stage, the

rate of Cefo:oaticnn in the secondary stage end the &-raticn of the secondary

stage all depand cn the leve1 of the ccnstart load applied ard pranalerrt

ccrnCitions of tqeratlce, etc. ltre creep rate ray be zero dependirg rpcrn

the 1evel of loai in relaticn to the nature of ttre rock.

In Table 6 the creeP tEtt€ Shor..lr is the seccmdary creeP rate. The

oil ccnrtgrt of the test-piece is also giva'r to oable ccnpariscnrs to be

nade. These gallons/tc'n values are the rezults of Fischer assay on the

test-piece alcne, not crit t}'e cne-foot interral containirg the test-piece

as e.ployed in tle g,erreral assay r'ork for resq:ve calcrilaticnrs.

It is difficult to nake aary interpretaticn of the results of the

liri,i:ed ru:ber of tests ca:rried out so far. F-oaever, the e-'gected trend

of 1o.r grade oi1 shale shor,{ng 1cn"'er creep rate is bo::r:e crut to scne ertent.

a,,o of the tests vEre carried out r.nder a ccnfining Pressure of 500 PSI

vhich results in a lo^erirg of the creep rate as a*pected. lbre creep

tesgs, both r.lrccqrfined and rnder confinir€ pressures are b,eing ca:ried out.
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T?ris is seen in cme of the tr"o tests in Table 6 caried ort urder ccnrfined

ccnditicnrs. In cne of these tests a ccnrfining presstre of 500 PSI lo,ered

the creep rate frcm 14.05 to 8.23 uricroinch/inch/day.

Altlroqgh the pillars in a fLat rocrn-and-pillar ndne are apparently

subjected to a rrriaxial load it is well knor"n that the core of the pillar

(approxirnately 50-7W. of the rro}.ure) is r-rrder a surall br"rt significsrt

arsunt of ccrfining pressr.re offered by the skin of the pilIar. the effect

of this ccnfining pressure is Wofold. First, the ioad carrying capacity

of the core of the pi11ar is increased as nsrticned in secticn 3.2.3.

this neans ttr,at ttre pillar.factors of safety as ccnrgrted in Table 8 are

conse:a/ative estirnates. Seccndly, the ccnnfining Pressure lorn'ers the

creep rate thereby redr:cing the defornaticn of the pillar.

It is, therefore, necessaa7 to carry out scne IIDre creeP tests

trrder ccrrrfining pressLre with test-pieces of variotts grades of oi1 cctttslt.

9. }{AI]COLITE OCCIRRn{CES

Nahcolite is a mineral freqr:entLy fond in oi1 shale deposits.

Cbalically it is a bicarbcnrate of sodirsr end is readily so}:able in

r,rEter. Tn the Piceance Cteek srd Uintah basins rnhcolite ocqrrs e:<tgt-

sively r"'e11 belov the llahogary zc,ne ltrile in the lhhogany zcne itself

r-lccLite ocqr=ences are rather etratic.

Tn tracts Ua and I$ nahcolite has been intercepted in neasurable

a'.6lLg:ts within the rnining zcne in-f_or.ur otrt of the twenty axpl-oraticn

-ho1es. This is shs.ar in the lithologic logs of Figr.re 2. The average

ttriclness of these intercepts is l-ess tlran tr'p feet ani they occlr in

a zoge located f:crn 15 feet to 22 feet belor'; t'he liahogany lbrker. Sun-
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marizing, ruhcolite occllrr€nces are lil<ely to be encoLntered in t}e

rnining zone of lla and Lb in isolated pockets, no uore than two feet in

thiclcess end located approxi:nately 20 feet belcru the nurker. Ihe

lateral e:ctent of these pockets camot be predicted br.rt are tnlikely

to be rn:ch greater tlrsr their thiclsresses.

9.1 Effect of Nahcolite cxr Pillar Stabiliw

Althoqgh nahcolite itself is a mectranically strcnxg mineral, its higfi

solubility in water gives rise to problens virenever it occr.rs in a njne.

It has been found in the Colory Mjne in the Piceence CYeel< basin that

rn'hsrever rrahcolite is oposed it is gradually Leached ar":ay by aE'nspheric

npistr,se and mine water rlrtil a large cal"dty is forned. Such a cavity,

if forred in a pi1Lar, is 1ike1y to endanger the stability of the pillar

because ccrncentraticn of stress will take place aror:td the cavity,

resulting in local fai1r-ae and gradually leaCing to large-scale fail'r:re.

As urlticned eerlier nehcolite is ocpected to occur in the rdning

zcne of Ua and fb in isolated pockets. As lcn:g as strch pockets are totally

srclosed r".ithin tle pi1lar roclc they r,rilI not cause any problor. Houever,

if apprecfuble arpunts of nahcolite ere exposed, the best rvay to Ceal

u'ith tl,sr is to seal off the eposed regicn to prevent erosicn of the

ruhcolite. Tt'^e sealing ray be dcne by applying en effective layer of

either shotcrete or eny other water sealing coaEing.

10. lslER00F@

It has beer sho,,n in secticn 7.3.L thet the roof of the prcposed
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nrine is very li^kely to be located at +20 feet vridr respect to the llahogerry

This will proriCe a 4.35 foot thick inr,ediate roof bed having a

cmgressive strength of 28,000 PSI follor,rcd by a 5.3 foot thick bed having

a cfipressive strengfh of 19,000 PSI.

Ttre roof hri1l tlil:s be cornposed of ccnpetent rock. And lf no

Jointrng is found to intersect the roof rodr sr:ctr a roof will not reqr:ire

to be srryported by systenatic bolting in all erposed areas. Areas in

pro&ring panels rvhidr will be in r:.se for a relatively short period of

tfu:e are tmlikely to regr:ire sry bolting frcrn the point of vievr of roof

stability a1tho4! systomtic bolting rnay be a stattrtotT requirenent.

Iiou'ever, aL1 pern:ansrt ericavaticns wiLl have to be s:pported by bolting.

11. ruTLRE I.DRK

In the precedirg pages of this report refersrce has besr urade to

certain gaps in the rock r,rechisrics data avaiLable to date. It is

ir.portant to collect fi.rrther data to fill these gaps. This r"ill o.able

c'ne to rnake refinsrcnts in the designs presented here, thereby gaining

greater ccn'rfiCence in then. Such additional r,rcrk ccnsiCered. necesserT

is listed in this secticlr.

11.1 Field liork

A thorough $xa/ey of all stnrchrral featr.res such as joints, parting

planes, vlJgs, etc. in the ninir€ zcrne should be carzied cut. Access to

tJre nining zcne by a test shaft is necessa:ry for carrying out zuch a

sr.rnrey. The finCings of an r.a:Cergro-nrd structr.ral suney will srable

cne to r-r.:l'.e a Cefinite decisicn cn the locaticnr o! tl.e roof ard a better
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asses$rent of the stability of. the roof strata and of tlre pi11ars. It
uray be menticned t}at a visual exa'ninaticn of the outcrcps at the Hel1s

tiole Carrycnr revealed scrne jointing. Iknn'ever, tJrese are of a superficial

rature and are in no r,uay indicative of the oriststce of jointing r.urder-

grornd.

Strress lEaslrocnts strould be rnade in the urining zcrne to deter^udne

the virgin stressfield. It is particrrlarly inportant to check the exis

of arry frozen horizontal stress of tectcnric origin. Such prir.ritive

stresses are anticipated in a Esr:rrtainor.rs regicm vfiere a free face for

stress-relief does not e:dst. It has been pointed out that the liells Hole

Cenycn, sitr.:ated to the east of tlb, rnay have acted as srrch a free face.

Hon'ever, the rninirn-ur distance betveen this caryon and the eastetrr bo.uTdary

of l.lb is approxirnately cnre rnile. Considering this, it is r-rrlikely that

itells Hole Canycn acted as a free face for the relief of horizcntal- s

*cept, perhaps, for the eastern frirges of Llb.

L]-.z Iaboratonr Tests

The factors of safery for roof stability corgnrted in secticnr 7.3.1

based on the asslrpticn that the crodr:lus of nptr.:re of the roof strata

is tr"rc and crne-half tiles its Brazii-ian srrength. A nrcre accurate es

of the factor of safety can be rnade if the neasrged value of the r.pdulus

of rr-ptr.re is u-sed for this Pu?ose. lb&rh:s of nptr:re tests should,

tfrerefore, be ca:cried otrt c'n cores frorn the roof roclc. These cores should

be taken para1lel to the bedding so that the loaCing during tlrc test siirt-

lates the actr.el loading of the roof strata in the raine.

In secticn 7.3.2 it has besr nentioned that the rcof sags tabr.rlated

in Table 9 are dre to instantaneor:.s elastic Ceforrpticnr of the roof straEa
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Ilrther sagging of the roof qril1 take place because of creep deformaticn

of roof strata. h order to assess the stability of the roof with regard

to tine-dependent sag, it is necessary to ccnrdr:ct scne creep tests in

berding. These tests need to be carzied otrt crn cores of roof ro& a1one.

lhese cores should also be taken parallel to beCding.

Fina11y, creep tests in corpressicn now being carzied out by the U. S.

Btreau of Mines in Derwer, €lre ccnsidered adegr:ate. As nsrticned earlier

Fischer assays should be dcnre cnr all creep test sauples. G\re or tuo

lcrng-terrr creep tests ortending cwer a year should also be ca:ried out to

check arry decrease of the secondary creep rate.

11.3 An€lftical lbrk

Ihe designs pressrted in this report are based on nenr:al analysis

of sfresses anC Ceforaraticnrs. Horvever, certain sfress sitr.nticns in a

rocrr-and-pillar mine are best analyzed by rn:rnerical methods with t}re

help of the digital ccrputer. For e-xarple, the distributictn of shear

sttresses in the pi11ar and tfre roof can be accLrately Ceternjned by The

Finite Elsrsrt I'bthod of analysis. It is reconnenCed that a Finite Elmg:t

analysis be cerzied out uhen all the futr-re data coll.ecticnr outlined in this

secticn is ccrpl-eted. Srrch an analysis will srable one to verify the

stability of the roof and tJre pi1lar with respect to shear stresses,

fi:rther refine the rocn, and pil1ar designs aLready naCe ad also predict

the effect of roining cn the gro.nd s.rface.

.Frrther, jJ stress Lreasursuents reccrrnTenCed in secticn 11.1 reveaL

the eiistence of borizcnrtal stresses, particulerly of a rnrltiCirectionel

natlre, an in-plane analysis should also be carried out. This wtL1 help

cnile to select the best orientaticnr for tlre rrine srd the ctPtirfln seclence

j: *r* r"d.th respect to the prevalent stressfield.
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TABIE 1

Data Frcrr f:oLoraticnr tsoles

1lo1e
-].Lt$er.
'P-l

P-2

P-3

P-4

x-1

x-2

x-3

x-4

x-5

x-6

x-9

x-10

x-11

s-1

s-2

s-3

s-4

E-1

E-2

E-3

5284.0.

4990.5

5490.0

5718.5

5293.5

4984.0

5295.0

5242.5

5381.5

5472.0

5427.0

5453.5

5251.0

5242.0

5432.0

5334.0

5061.0

5292.0

5435.0

5433.0

745

819

796

703

1003

64L

470

837

8t2

682

9tA

972

866

872

868

1039

949

779

504

u2

licfTE:

Core
Recwenr

gg.q,

9s.L%

98.fii

99.V"

99.67,

95.67.

99.n,

gL.y/.

99.n

99.n,

98.8"/.

99.9/,

97.y/,

oo Qo/aJ.vtc

94.17"

99.tri.

99.y/.

gg.T/"

99.6i

96.ti,

Depth to Cored Intsrral
Collar lhhogany + Above M.M.

Elevaticnr lhrker - Eelor+ l{.1{.

+681 to -493

+725 rc -371

+726 rn -424

{651 to -473

+133 to -147

+181 to -125

+149 to -121

+L77 ra -LzL

+142 rc:L24

+L72 to -L24

+128 rp -L24

+132 rs -L2L

+175 to -157

+ 55 to -269

+47to-96
+79to-91
+39to-88
+314 to -120

+154 to -246

{410 to - 98

Average Depth to l/:logany l.?arker:
1. In Ua 926.0
2. In tib 710.0

.0-verage Core Pccovery: 98.tr1

on
frcm L'oles

P-4,8-2,X-6

E-2,X-3,X-6

x-6,x-3,E-l

x-3,P-l,E-l

E-l,P-l,X-2

x-6,E-l,X-5

E-1,X-2,X-4

x-5,E-l,X-4

E-3,X-4,X-5

x-5,x-5,E-3

P-4,X-6,E-3

E-3,X-4,S-1

E-3,X-9,S-1

E-3,X-9,P-3

P-3,X-9,S-2

s-2,x-10,x-11

s-2,y.-11,X-9

x-9,x-11,S-1

x-11,P-2,S-L

x-10,x-11,s-3

x-10,x-l,s-3

s-3,x-1,s-4

s-3,P-2,S-4

x-lr, s-3,P-2

_of Dip

2"57'32"

2"53'.26"

2036',10"

30 7t17"

1039'55"

2039'45"

1039t55"

2010t39"

20 lt lt'

2029' 3"

2031t34"

1051t59"

1059'37"

2" 7,tlA"

20 5'27"

L"46'2L"

Lo45'24"

Lo42',12"

L"tA'.22"

1035'19"

1034t 5"

1039'4"

1038'50"

1045t57"

I.Vr|ftr.

s88'

lt86'

II74'

1tr760

N57'

lr57'

N62'

1y+5'

N59'

l{50'

r:51'

N500

I.145'

!:45'

lZ+0'

1143'

N32'

1t350

lil36'

l.:35'

t.'??o

139

li27

I'T3L'

'll
' I.I

tw

'tI
'ti
tw
tI^I

tw
tu

'lI
'!I
tw

' I.I

'$i
vi

ll
| 

tr'I

'H
t 42',\r:

| 
1.1

ttr;

' I'i

' I.I

'48'1,:

Average Dio of l"ahogar;'i!
f . i. ua'!'32'33''-or'2.
2. rn Lb 2'26',55" or 4.



INCATTOTI OF INTT:TIVAL N|CONTINED CT.)I{PSESSIVE STRENGTII

wtTll Ft:SFncT To. CO||VnRTED lto 1:l RIITIo

TABI,E 2

RESULTS OF INICONFI}ITID COI{PRESS'VE TF,STS

YOUNG.S MODIILUS POTSSON.S R,,\TIO SPBCIFIC GR,AVITT

I'lAtlft;AtlY MlrRXtR
+ AtrOl'E (lll FEf:Tl Ite.n Value

Fcr Ccnt
Stondard N,o. Of

Testg
-i-

6

!lean
value

ll,o. Of
Te3tg_a-

6

9

5

12

12

l2

9

l|cr Cent
llean Valuo Standard
PSI X lO5 DevJat-ion

25. Bl
13.81

27.84

2{ .51

t 7.65

30 .97

27.O7

26,12

25.75

5'1.36

36. 82

20.62

31.t|3

35.99

2t.41

2?.t2

o.28 27.OA 7
2L.22

37.77

.21.08
46.8

17.88

27.O7

15. t2

16. l8

24.t4

30.67

28.63

29.34

28.33

34.44

19. lt

Pcr Cont
Standard llo. Of
Dcvhtion Testr

llean Pcr Cent
Value Standlrd No. Ol
Gtils/cc Davlatlon T€8tr
2.269 S.45 6

- lrnlrrw (lll l'frT) PsI Devlationj.E:t-t6.TiT.6-r_- -iEo3T- --llrs
+17,51 to +3O.9

+30.e to +25.51

+25.61 to +21.25

34153

18950

2798 3

+21.25 to +15.t8 l.oJ l8l45

+ls.ls to + s.{ '1"18 t272L

+ B.{ to O t.4 21120

o to - {.o2 .'i .r': 259s?

- {.02 to -l?.8 9'?B ttulo

-12.8 to -rc.3o ('5 lo29s

-r9.30 to -3O.S tl.t lt229
I

-1o.8 to -39.8 (l 'C 17062

-39.8 to -42.8

-42.A lo -49.8

-49.0 to -57.5

-57.5 to -60.8

t8308

I 3998

t7479

244t2

18.58

15.07

19.49

9.20

20,73

19. 46

15 .20

ll .8?

13.58

t6. o?

10.12

t7 .54

l7 .85

14 .01

1? .60

3.?3

1.22

3 .40

2. 50

l. tl5

2. 58

3 .38

l,3rl

o.54

0.94

2. 15

2. 165

I .55

2 .85

3.23

o.162

o.17

o. 19

o.2L7

o. t03

o.2a?

0.269

o.322

0.469

o.12

o.2G5

o.27

0.33

o.23

o.21

2.445

2.29e

2.444

2.t99

2. l0?

2.338

2.419

2. lo8

l.?14

1.968

2.269

2.266

2.198

.2.305

2. 358

t.2l

3. 2t

t.2a

3. O!

6.52

2.6t

1.6

6.27

3.12

6. Oa

2.56

9

5

l2

12

12

9

2l

5

l5

l7

6

9

l3

6

9

5

l2

1l

t2

9

2t

6

t5

t5

6

9

13

6

I

I

ll

I

20

1

l6

l5

2l

5

t6

l7

6

9

l3

5

5.24 5

a.8t I

1.23 9

3.17 6



TABLE 3

BMZILIAN TEST RESULTS

Locatl.on of
Interval l{l.th
Respect To
llahogany
Marker

* Above (tn feet)
- Below (ln feet)

+46.9 ro +37.6

+37.6 ro +30.9

+30.9 to *25.61

+25.61 ro +21.25

+2L.25 ro +15.18

+15.18 ro + 8.4

+8.4 to 0

0 to - 4.02

- 4.02 to -12.8

-12.8 to -19.30

-19.3 to -30.8

-30.8 to -39.8

-39.8 ro -42.8

-42.8 to -49.8

-49.8 to -57.5

-57.5 to -60.8

Brazillan Strength
llean

Value
PSI

860

1255

1108

L072

1079

1096

L267

L276

949

LL74

1170

Lt47

903

1104

L223

LL72

Deviation Tests

Per Cent
Standard

24.3

14.3

22.4

L7.2

8.6

11.7

14.9

20.2

16.0

5.5

11. 6

L5.7

9.7

L7.4

16.8

Nunber
of

4

5

3

6

4

5

6

9

4

9

7

2

5

6

4



Locatlon of-
Interval l{lth
Respect To

llahogany Marker
*Above
-Be1ow

+46.9 to +37.61

+37.61 ro +30.9

+30.9 to +25.61

+25.61 ro +21.25

+2L.25 ro +15.18

+15.18 ro + 8.4

+8.4 to 0

0 to - 4.02

- 4.02 to -12.8

-L2.8 to -19.3

-19.3 to -30.8

-30.8 to -39.8

-39.8 to -42.8

-42.8 to -49.8

-49.8 to -57.5

-57.5 to -60.8

TABLE 4

RESTILTS OF TRIA.\IAL TESTS

Trlaxlal Strength at
500 PSf Conffnfne Pr
Meaa Per Cent

Unconfl.ned
Compressl.ve

Strength
Converted

to 2,5:1 L/D Value Standard No. Of
Ratlo PSI Devlatlon Tests

16496

29603

L6425

24256

t5728

LIO27

18307

22500

11714

8926

9732

L4789

15869

12133

15151

21160

L?249

36952

2L334

37387

16021

11899

24323

24680

11941

13599

L2360

15570

16160

L7476

15888

18350

9,69

7.51

27.08

29.26

15.48

I
Lt.22 3

2

27.L9 5

24.57 5

2

7

6

5

7

5

2

29.0 7

1

22.29 5

Triaxial Strength a
P

Mean
Value

PSI

20569

35046

20789

30066

L6992

L4789

26705

27498

13135

17309

13669

15958

L7720

19125

15511

23487

Per Cent
Standard
Devlatlon

18.51

25.68

13.32

8.97

15.36

25.70

L2,33

L2.07

23.79

22.26

No of
ts



TABLE 5

RESTILTS OF DIRECT TENSITE TESTS

Hole
liumber

Locatlon
I{trh

Respeet To
Mahogany
ltarker

Tensile
Strength

PSI

s-l

s-1

s-1

s-2

s-2

s-2

s-3

s-3

s-3

s-3

s-3

s-3

s-3

s-4

s-4

s-4

s-4

s-4

s-4

s-4

+42.L5

+35.65

-51.05

+36.1

+27.35

-43,9s

+35.75

+25.1

+14.95

- 4,45

-26.45

-52.35

-63.05

+33.8

+28.4

+18.05

+ 9.1

-22.2

-56,9

-65. s

100

22

515

7L

537

114

57

585

L22

L43

857

2t4

257

72

287

230

857

29

430

337



Hole
liumber

Locatlon wl.th
Respect to
Mahogany
Ilarker

TABLE 6

Results of Creeo Tests

Level of Load
as Fractlon of

Ol.1 Content Estiroated
from Unconflned

Fischer Assay Compresslve
Gal. /Ton Strength

P-1

P-1

P-2

P-2

P-3

P-3

P-3

P-4

P-4

x-1

x-10

+39.1

-2L.9

+44.8

+44.8

+23.3

-66,7

-66.7

+ 9.3

-20.7

+14.1

-28.3

23.77

15.99

t2.60

13.08

3.15

70.50

70.50

38 .31

L7 .92

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.33

0.5

*These two tests were carrled out under conflning Pressure

Creep Rate
Ln

Microinch /Lnchl

55 .0

33.9

L5.7

30.0

0

14 .05

8 .23*

37.0

14.0

10.6

23*

of 500 PSI.



TABI.E 7

Ccnoressive Strm.eths of the }hhoeany Zcne in Piceance CYeek Basin

l'lahogany narker,
feet

specirens
tested

C,cnpressive
th. p.s. i.

u,380
14,890
L2,430
17,100
15,000
17,100
19,000
12,650
11,730
10,700
L2,520
8,290
7,350

11,910
9,190

u,030
8,160

14,480
14,470
10,250
8,600

14,090
12,960
8,550

13,600
15, 390
L7,280

Bed
ticnr

31.5 above ...
2L.5-26.8 above
20 abs\re
18.5 abose
10 above
4.2 above
2.5 belor"'
4.5 belcn
7 be1cru
10 belcnr
12.5 belo'r
14 belo"r
14.6 below
15.5 belcx"'
17 belop .
17.5 belcr,r
18.5 belcm
20 below
20.5 belcw
23 bekxo
23 belcn
26.6 belor,t
27 beLot^r
31 belos
33 belcn
37 belcru .

39.5 belo*'

Roof
do.
do.
A
B
c
D
D
D
D
E
E
E
F
F
F
F
G
G
G
G
G
G
H
H
H
H

46.5 belou I 12.700
!i csncentr ano

beds uere gror.ped into lO-lettered beds.

ldcte: This table is gr.oted frcur U. S. Br:reau of Mines, lGport of Investiga
lio. 5089, 1954 by R. H. ltenill.
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!. TABLE E

EXTRACTTON PATIOS }XD PILLAR FP.CTORS OP SAFETY

ltaxirnun Pillar Stress' in PSI
For For For For

Depth Depth Depth Depth
1040 926 845 810

5368 4775 4360 4L78

4793 4264 3893 3730

4348 3868 3532 3384

3993 3553 3244 3108

3705 3296 3009 2883

4076 3626 3311 3.L72

3957 3520 32].4 3080

3882 3454 3154 3021

3768 3352 3061 2932

5025 447L 4082 3911

4548 4046 3695 3540

4349 3868 3532 3384

4168 3708 3385 3244

4424 3935 3594 3443

4L28 36?3 3354 3213

4050 3603 3290 3152

3928 3495 3191 3057

4753 422e 3861 3699

4348 3868 3532 3384

4020 3576 3265 3129

1440 3950 3607 3456

4305 3830 3497 3350

422L 3755 3129 3285

4091 3639 3323 3184

3913 3481 3L79 3045

Room Pillar
Width Dimensions
Feet Feet

Extraction
Ratio

t.

!,

55 45.0 x 45.0

55 s0.0 x s0.0

55 55.0 x 55.0

55 60.0 x 60.0

55 65.0 x 65.0

55 50.0 x 70.0

55 50.0 x 75.0

55 55.0 X 70.0

55 55.0 x 75.0

57.5 50.0 x 50.0

57.5 55.0 X 55.0

57.5 57.5 x 57.5

57.5 60.0 x 60.0

57.5 50.0 x 70.0

57.5 50.0 x 75.0

57.5 55.0 X 70.0

57 .5 55.0 x 75.0

60 55.0 x 55.0

60 60. 0 ll 60. 0

60 65.0 x 55.0

60 50.0 x 70.0

60 50.0 x 75.0

€0 55.0 x 70.0

60 55.0 x 75.0

60 60.0 x 75.0

0.7975

o.7732

0.750

o.72?8

0.7066

0.7333

o.7253

o.720

0.7115

0.7837

0.7610

0.750

o.?392

0.7543

o.7367

0. 7316

o.7233

0. ?713

0.750

o.7296

0.7552

o.7475

o.7425

0.7343

o.7222

Pillar Factor of Sa
For For For

Depth Depth Depth
1040 926 845

1.58 1.88 2.06

1.88 2.11 2.31

2.O7 2.33 2.55

2.25 
.2. 

53 2.77

2.43 2.73 2.99

2.2t 2.48 2.72

2.27 2.56 2.80

2.32 2.6t 2.85

2.39 2.68 2.94

1.79 2. 01 2.20

1.98 2.22 2.44

2.O7 2.33 2.55

2.L6 2.43 2.66

2. 03 2.29 2 .50

2.18 2.45 2.68

2.22 2.50 2.74

2.29 2. s8 2.82

1.89 2.13 2.33

2.07 2.33 2.55

2.24 2.52 2.76

:. 03 2.28 2. 50

2.09 2.35 2.57

2.13 2.40 2.62

2 .20 2.47 2.71

2.30 2,56 2.83

or

0

15

41

66

90

L2

84

92

qe

107

30

54

iee

77

61

80

85

1e4

43

66

88

60

69

74

83

OA



Hole l{o.

x-1
x-2
x-3
x-4
x-5
x-6
x-10

x-11

P-1

P-2

P-3

P-4

TABTE 9

Iocation of 3" Ihiclc
Tar-Satrrated Sandstone
Iayer lJith Respecr To

Ifahogany l,lail<er
*above / -belo,r

+13.8

+14.65

+13.32

+13.6

+L2.L (?)

+13.9

+u.15

+L4.7

+13.95

+t6.2 (?)

+14.17

+L3.22

Note: Ihe locaticms for L-5 and P-2 are dsubtful.



TABTE 10

Resenres Based cn Fixed Roof Elevaticn

Mining Height*
6:f-Tlffi

Ua srd llb
Ba:re1s
x 10J Gal. /Tcnr

27.24

26.L7

26.4t

25.78

Gal. /Tcnr

27.4L

26.6L

26.60

26.L6

IJb
Ba:re1s
x 10J

Barels
x lOJ

+15

+2L

+15

+20

-35

-35

Float

Float

974,552

1,055,678

L,2L8,%6

L,297,736

t/8g,5L7

535,606

592,585

63L,777

t+84,935

52L,072

625,761

655,959

:kPositive anci negative signs indicate above and belov the Ihhogany llarker.

,{08

+74

j24

iot



TABLE 11

Roof Factor of Safew and Rcof Sag

Rocn
Widrh
Feet

lfa:<im-ur
Tensile Stress

PSI

374

tfig

tA5

Factor of
Safetv

7.L7

6.55

6.02

lexinm
Deflecticn

or Sag
TncLt

0.0574

0.0586

0.0813

55

57.5

60



['

0- +ro

ll o 0,.x.

[,

_40

-- --'-50

LocS ot rrpLorA?olt IoLl3

3LSLSL

?ot tr? xlrric tolll

3L

-60

nol.l t!.
. LFCEIID

S : Structur.l Lo!

$l : Hrrlstonc

f] : Nrhcolttc

P-l !-2 r-t t-a t-l '

: ?Gtatc ffirt nefftf:--- --

(lcsr rheo lO-3tl/ton)

I

Oil Sh.lt



I
I \_ ITHITE_ RIVER 

-e--
I

t\/l
{\l1

i
I

I

\---.

LOCATION OTf RXPI.ORAMRY IIOLES

LrGttRE 1

PaA

Ee2

x-3
a

x.-5

P-1
a

f-

IEj1 
trj

3l
fl
$r

-ux)
(

,,

&5

Ei3

P-3a

L-4

s.- 1

x-9
a

s-2
a

x-J1

x;10

s-3.

x-1
o

(k.%



---- ------.0

-'-10

-20

-30

: t. ,.

l-. ::. '-'0

..-..-. 
:

-'-' '' --- -t0

I

1

gNCOlitlNED Cof{pRESSrvE STRE\*6IH ltc ?Sl r 103

I"

XTTTOGA\f .VTRKER

Mrlolrra of Co&pr.r3!vG Sts.n3rh for lttnln3 Zonc

FIC'-?E 
'



OIL COllTElir Ie- c LLONS/TON

Cmpoaltr Grrdc Hlrtogrtr los E1nln8 :onc by rvrratlnr

.ts.y drtr froa-20 holer fot .rch horl,soc

FICURE 4



FTAIRE 5

a-
A

I

c
o
t,
to
e
}{
oq{
oa

Fallure

Secondary CreeP
,."ar""J
creep 

I

TIMD

GeneraLlzed C\$/e S:trr,ring Creep Defornratior of Rock



r 'r a a

t

*

rooH3
x

H
v,
O.

c.r2
FT

bl

34
R

E6 ln PSI x 1.0-

FIGI.IRE 6

7

a

ta

aa
a

oloaa

oa'

a

a

a

a

lal
a

a
a

o
a

a
a

t ao

, .t 
a

a

aa

aaa
ll aa

a ! , " .'
a

aa
a

aa

Plot of Laboratory Determined yo.rrg's lbdulus (81)
Ag,ainst Yo-rrg's lbdulus Derived ficm C,eophysical Ings (EG)



a
a

r

OIL YIELD GAL./TON

0 o rc tr.0!oo t0 D
aoc-ffi

:rl

lrtF .t l- -:l?'
|'.il rt It
al tarcllrt
ra (l.a$l t!:

I
I
I
I
I
&:zo
N
(9z
z
E
o
F{

t::
F]
FA

E
9r
=ot)
I
I
I
I
I

I

39

29

3..

tc C lcrcatt-:.3
Ftt
f! t2.lf 3:-

!
i)
E
G

6
D
z

16

25

OIL CONTENT HISTOGRAM OF

.-t-ri

- -l

FIG, 7

I4AHOGANY ZONE
(eruvrL Potrrrs)BASIN

IN PICEANCE CREEK



t

a-u,. a t

FIGURE 9

LOCATION OF.TRUE PARTING PLANES IN ROOF ZONE

x-l Ix-9x-6x-4x-3P-4P-3

a

I
I
)

I

above.

\ P-l P2\
Locatlon wlth respect ,to llahogany Marker. t

Posltlve slgn tndlcates



O 55.0t t{lde Room

,, 57.5r l{lde Roorn

a 60.0r wlde Room

b'

qve
9\

\o 6P'
b" *t"

\

x

%" *"t"
"bq

\ oqr

\
x

\\ "trKXXtq tg

S,Euu
ACL0, o,c|A
t., ..,oruoo
I! Ja

rno.$ r-
@@
lr!oo
h. F.

q

EI

Et,
o.
oa
!,
o
q,
J4

\o(\l
CA

L
o

lt

\\
\\

\\ x

\
\ x

E
L'
o.
o

cr
u
o
o
tr.

o.f,o
tr
o
h

Fiz
]d()
d
ld
o.

z
H

o
H
ts
Fq

d
lrl
o()
lrl
&

2-5

PTI,IAR FACTOR OT' SAFETY

FIGURE 8


